by the sensor array that is set around the tissue and the image of the tissue to microwave absorption ratio will be reconstructed. As the difference of normal and tumor tissue from the microwave absorption ratio is significant, from the reconstructed image we can determine the presence or absence of tumor. This technique is considered one of the most promising methods of medical imaging in early detection of breast cancer, for its combining the high contrast from microwave imaging and the high resolution from ultrasonic imaging, and has the advantages of no invasion, no ionizing radiation and less cost. However, the difficulty of this technique lies in weak ultrasonic signal excited by microwave, strong electromagnetic interference, high density of signal sources, and mutlipath propagation of ultrasound. Therefore, the imaging algorithm is required to have good noise suppression and high spatial resolution.
In recent years, in the field of array signal processing, spatial spectrum estimation method, known for its "modern super-resolution", has got an extensive and in-depth study.
This method is just to meet the demand of Microwave thermo-induced ultrasound imaging technology. MUSIC (Multiple Signal Classification) algorithm is a classical representation of spatial spectrum estimation. It has high spatial resolution, can distinguishes two very close signals and can be used for signal parameters estimation in multipath propagation and high signal density environment. The Robust Capon Beamforming (RCB) is an effective method to overcome the steering vector mismatch, which is one of diagonal loading classes [4] [7] [10] . Therefore, this paper proposes an improved MUSIC algorithm. First of all, use the RCB method to estimate the array steering vector, and then use MUSIC algorithm to estimate the spatial spectrum.
Finally, through the actual imaging of the tumor imitation, we verify the effectiveness of the improved MUSIC method.
II. THEORETICAL STUDY

A. Robust Capon Beamforming Principle
Standard Capon beamfoming method [11] can be described by the following covariance fitting problem according to [11] To get a robust Capon beamforming approach for array steering vector error, Jian Li et al. [4] assume that we only know the array steering vector belongs to the following uncertainty ellipsoid:
where a is the true value of the array steering vector; a In this way, we can obtain a robust estimation of the power of interesting signal: 
Applying the Lagrange multiplier method to solve the above, and we can obtained the estimated value of a :
Where λ satisfies:
B. Multi-signal Classification Algorithm
MUSIC algorithm [5] [9] is one of the most widely used algorithms in space spectrum estimation of feature. Firstly, this algorithm makes eigenvalue decomposition of the autocorrelation covariance matrix of the array, and then sort the eigenvalues from small to large, namely, 1 2 . [3] .
The spatial spectrum defined by the MUSIC algorithm is:
The denominator in (7) is the inner product of the signal steering vector and the noise matrix. MUSIC P is zero when ( ) a s is orthogonal to the columns of n H U , but is actually a smaller value due to the presence of noise. Having known the source steering vector and the noise matrix, we can estimate the spatial spectrum of the source according to the above definition.
C. Based-RCB MUSIC Algorithm
In the standard MUSIC algorithm, the direction vector of a certain source is calculated directly by a specific formula, but in fact, the direction vector is affected by factors such as the nonuniform transmission medium of the space, the response error and the position error of elements, and tends to deviate.
In order to avoid the vector error of array to reduce or even fail the high resolution imaging performance of MUSIC algorithm, it is necessary to correct the signal direction vector. Therefore, this paper first uses RCB method to calculate more accurate direction vector, and then according to the standard MUSIC algorithm to calculate the spatial spectrum. The theoretical analysis shows that the improved algorithm has both robustness to the array direction vector error and high resolution of the spatial spectrum estimation.
In summary, steps of spatial spectrum estimation using the improved MUSIC algorithm can be summarized as follows:
1) Calculate an approximation of the autocorrelation matrix from the data ( ) i x t measured by the array elements:
2) Do the eigenvalue decomposition of R , determine the number of noise eigenvalues, and find the noise matrix n U ;
3) By solving (5) by the Newton method, we can get λ and by substituting it into (4), we can calculate the steering vector of the array corresponding to the position where a certain source is located; 4) Calculate the spatial spectrum of the point source s according to (7) .
III. EXPERIMENTS AND RESULTS ANALYSIS
In the Microwave Thermo-induced ultrasound Imaging System used in this paper, the array is a uniform circular array with 180 ultrasonic sensors, and ultrasonic sources lie in the near field of array. In order to verify the imaging performance of the proposed method in the early detection of tumor, this paper chooses the rounded tumor imitation (sectional radius about 15mm) to conduct imaging experiments using 'delay and sum' (DAS) algorithm [6] , standard MUSIC algorithm and RCB-based MUSIC algorithm. The imitation used is made of agar gel, easy to shape, and its physical properties are similar to the actual tumor [1] . Fig. 1 ~ 3 are the imaging results of the three algorithms, and pixel value for each point is the estimated and normalized strength value of the ultrasonic signal at that point. As the tissue only produces ultrasound in the interface where the temperature is different, so all the imaging results show a circular boundary. interference and noise are also added to the signal while using DAS. Moreover, when the sample is large and the distribution is irregular, the algorithm will suffer more noise and the image quality will be seriously degraded. The imaging radius are summarized in Table 1 below. The imaging error of DAS and the improved MUSIC algorithm is under 10%, acceptable in reality; while that of the Standard MUSIC algorithm has exceed 10%, unacceptable in reality. within a wide range from Table 2 below where the specific parameters in Fig. 4 are listed.
In addition, delay and sum (DAS) algorithm will enhance the noise while adding useful signal, resulting in a greater impact on the whole image by noise and interference, the image quality is unstable, and the spatial resolution is low. This improvement will be helpful for the early application of microwave thermo-induced ultrasound imaging technology to early detection of breast cancer, and thus has practical application value.
